Hypoxia promotes lymph node metastasis in human melanoma xenografts by up-regulating the urokinase-type plasminogen activator receptor.
Clinical studies have shown that metastatic spread is associated with hypoxia in the primary tumor. The mechanism behind this association has not been identified and, in fact, it has not been established whether hypoxia induces metastasis or whether the most metastatic cell phenotypes develop the most hypoxic tumors. The present study demonstrates that hypoxia promotes spontaneous lymph node metastasis in R-18 human melanoma xenografts by up-regulating the urokinase-type plasminogen activator receptor (uPAR). Pimonidazole was used as a hypoxia marker, and hypoxia and uPAR expression were detected by immunohistochemistry. R-18 cells were capable of up-regulating uPAR under hypoxic conditions in vitro, as revealed by Western and Northern blot analyses, and uPAR-positive regions showed a high degree of colocalization with hypoxic regions in R-18 tumors. There was a strong correlation between uPAR-positive fraction and hypoxic fraction in individual tumors (P < 0.00001). Incidence of metastases, hypoxic fraction, and uPAR-positive fraction increased with the size of the primary tumor with similar kinetics. Metastatic tumors showed approximately 1.5-fold higher hypoxic fraction (P = 0.00004) and approximately 1.4-fold higher uPAR-positive fraction (P = 0.0003) than nonmetastatic tumors of the same size. Moreover, treatment with neutralizing antibody against uPAR prevented metastasis almost completely. Only 1 of 30 treated mice developed metastases, whereas 14 of 30 control mice were metastasis positive, suggesting that functional uPAR is a prerequisite for lymph node metastasis in R-18 tumors. The study reported here suggests that metastatic spread may be promoted by hypoxia in the primary tumor and identifies the plasminogen activation system as an important target for the treatment of malignant melanoma.